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Abstract. In this study, the researchers examined the changes that took place in the somatosensory 
cortex area in the brain when subthreshold mechanical vibratory stimulation was applied to the 
lower limb of the elderly. For this, a subthreshold vibratory stimulation of 190 Hz as applied to 
the tibialis anterior tendon, and the Electroencephalography was measured. In order to examine 
the changes in the somatosensory cortex, the amplitude of the Somatosensory Evoked Potentials 
(SEPs) was analyzed. When the subthreshold vibratory stimulation was applied to the tibialis 
anterior tendon, the SEPs amplitude was increased more than the amplitude under none 
stimulation setting. This result means that the subthreshold mechanical vibratory stimulation may 
affect the nervous system of the elderly. 
Keywords: elderly, subthreshold, mechanical vibratory stimulation, SEPs, somatosensory evoked 
potentials. 
1. Introduction 
The aging process weakens the performance of the nervous and musculoskeletal system. And, 
this affect the degradation of the quality of life [1]. Frolkis, et al. reported that, as the aging process 
continues, the transmission speed in the nerves in the central nervous system is decreased [2]. 
MacLennan, et al., reported that aging influences the number, size, and tensile strength of the 
muscular tissues in the musculoskeletal system, affecting the coordination between the muscles 
and the nerves [3]. The changes in the nervous and musculoskeletal system significantly affect the 
motions performed in the daily life of the elderly, such as walking, sitting and standing, and 
climbing stairs [4, 5]. 
There have been a number of studies to improve the quality of life of the elderly using vibratory 
stimuli. Bosco, et al. reported that mechanical vibratory stimuli improved the muscle strength and 
balance, positively influencing the elderly in the face of the factors such as fall injuries or fractures 
[6]. Runge, et al. reported that the vibratory stimuli may enhance the muscle strength of the elderly 
[7]. In most studies, the researchers examined the influence of the vibratory stimuli on the 
musculoskeletal system of the elderly. And, further studies on the influence of the vibratory 
stimuli on the nervous systems of the elderly are needed. Therefore, the purpose of this study is to 
explore the changes in the somatosensory cortex area of the brain when subthreshold strength 
vibratory stimuli is applied on the lower limbs of the elderly through SEPs, based on the precedent 
studies where the perception threshold intensity based on the frequency of the vibration [8]. 
2. Methods 
For this study, 10 male subjects who were 65 or up and without any experience with 
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experiments or problems with physical activities were selected and included. The research was 
approved by the IRB of Chonbuk National University (IRB File No. JBNU 2015-06-012). The 
devices used to apply the vibratory stimuli were a function generator (AFG-2125, GOOD WILL 
INSTRUMENT Co., Ltd) and a linear actuator (DMJBRN0934AA, SAMSUNG 
ELECTRO-MECHANICS Co., Ltd). Using a rubber band, the vibrator was attached to the tibialis 
anterior tendon. 
Based on the preceding studies on the perception threshold intensity of vibration frequency [8], 
a frequency of 190 Hz was selected and applied to the tibialis anterior tendon. Before the SEPs 
test, the vibration perception threshold was measured for each participant. The vibratory 
stimulation intensity was divided into none stimulation, threshold, and sub threshold intensity. At 
each intensity, 100 cycles of vibration were applied at 500 ms intervals. The sequence of applying 
the vibration was randomly selected.  
Based on the internationally certified 10-20 system for measuring the brain signals, EEG 
electrode were attached to the C3 and C4 area, which were related to the somatosensory cortex. 
Also, the researchers used EEG collection system called BrainAmp (Brain Products, Brain 
Products GmbH, Germany), and EEG analysis system called BESA (BESA GmbH, Germany). 
The sampling rate of the measurement was 1000 Hz. The bandwidth filter used was 0.1-70 Hz. A 
notch filter was used in order to remove noise. The brainwave and the trigger signal for vibration 
were synchronized. 
From the EEG data gathered, SEPs were extracted. With regard to the SEPs, based on the 
trigger signal for vibration, the negative peak at 100-150 ms and the positive peak at 220-350 ms 
were extracted [9]. And, the change in the amplitude of the SEPs under different conditions were 
compared.  
 
a) 
 
b) 
Fig. 1. a) EEG collection and analysis system, b) EEG electrode attaching position 
3. Results 
The changes in the amplitude of the SEPs due to a mechanical vibratory stimulation of 190 Hz 
applied to the tibialis anterior tendon of the elderly subject were as follows; Fig. 2 shows that the 
amplitude increased more when the threshold intensity stimulation was applied than when the 
vibratory stimulation was not applied. The amplitude of the negative and positive peaks in C3 and 
the negative peak in C4 increased significantly more compared to the none-stimulation condition. 
 
Fig. 2. Amplitude (μV) changes of SEPs stimulation and none stimulation.  
None: None stimulation, Stm: stimulation, *: ? ? 0.05. None stimulation versus stimulation 
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Fig. 3 shows the changes in the amplitude of the Negative peak of SEPs based on the intensity 
of the vibratory stimulation applied to the tibialis anterior tendon of the elderly subjects. The 
amplitude of the SEPs showed a tendency to increase with vibration of subthreshold intensity 
compared to none stimulation condition. Especially, in both C3 and C4 area, the amplitude at an 
intensity that was 80 % or more of the threshold intensity increased more compared to the none 
stimulation condition, and the difference was statistically significant. 
 
Fig. 3. Amplitude (μV) changes of negative peak of SEPs according to vibration intensity (%);  
*: ? ? 0.05. None stimulation versus stimulation intensity 
Fig. 4 shows the changes in the amplitude of the Positive peak of SEPs based on the intensity 
of the vibratory stimulation applied to the tibialis anterior tendon of the elderly subjects. The 
amplitude of the SEPs showed a tendency to increase with vibration of subthreshold intensity 
compared to none stimulation condition. Especially, in both C3 and C4 area, the amplitude at an 
intensity that was 80 % or more of the threshold intensity increased more compared to the none 
stimulation condition, and the difference was statistically significant. 
 
Fig. 4. Amplitude (μV) changes of positive peak of SEPs according to vibration intensity (%);  
*: ? ? 0.05. None stimulation versus stimulation intensity (%) 
In the result mentioned above, the amplitude of the SEPs of the mechanical vibratory 
stimulation of threshold intensity applied to the tibialis anterior tendon increased more than that 
under the none-stimulation condition. Such a result indicates that the vibratory stimulation may 
affect the nervous system of the elderly. Also, with the vibratory stimulation of subthreshold 
intensity, both of C3 and C4 showed that the SEPs amplitude increased more than that under the 
nine stimulation condition, while significance was observed with the amplitude of the 80 % or 
higher intensity. Such a result shows that the vibratory stimulation of subthreshold intensity, which 
are free of the discomfort and interference with the sensory system [10, 11] experienced with the 
vibration of the individual perception threshold intensity or higher intensity, may still affect the 
nervous system of the elderly. 
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4. Conclusions 
In this study, the researchers examined the changes that took place in the somatosensory cortex 
area in the brain when mechanical vibratory stimulation of perception subthreshold intensity was 
applied to the lower limb of the elderly through SEPs. When the vibratory stimulation of 
subthreshold intensity was applied to the tibialis anterior tendon, the SEPs amplitude was 
increased more than the amplitude under none simulation setting. The result showed that the 
vibratory stimulation of subthreshold intensity may affect the nervous system of the elderly. If the 
findings in this study are applied to the elderly whose balancing ability is weakened, it would be 
possible to contribute to the enhancement of their quality of life by improving the balancing 
capability of them. 
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